INTRODUCTION
The Tinton district centers around the town of Tinton, on Nigger Hill, in western Lawrence County, S. Dak., less than a built the present camp at Tinton, constructed and equipped a mill, and prepared for large-scale mining, but operations were almost immediately abandoned. Kept. Inv. 3140U, p. 1, 1938. Tantalum was mined by the Pansteel Metallurgical Co. during 1936-38 from the Giant-Volney pegmatites just west of Tinton on a minor crest of Nigger Hill known as Tantalum Hill. The ore mineral is columbite, an iron and manganese columbate-tantalate ( During the same period a few tons of amblygonite (lithium-aluminum fluo-phosphate) was mined and shipped.
I/ Hess, P. L., and Brjran, Barnabas, Jr., The pegmatites at Tinton, S. Dak.j U. S. Bur. Mines Kept. Inv. 3UoU, p. 1, June 1938. 2/ Carton and Smith, and their conclusions were published by the Geological Survey in 1905. As their base map was on a scale of 1:125,000 (approximately 2 miles to the inch), their geologic map is much generalized, but they described the rocks and the structure of Nigger Hill at considerable length. In 1938 Hess 3/ and Bryan 'published a detailed description of the Tantalum Hi]l (Glant-Volney) pegmatite.
Because of its tin deposits, the Tinton district was exam- The writers are indebted to Mr. R. J. Beatty, Jr., and Mr.
Earl Schulz, of the Black Hills Tin Co., for freely giving valued information and for providing quarters at the camp, and to
Mr. James A. Noble, of the Homestake Mining Co 0 , for helpful advice and for air photographs that were used in the earlier part 2/ Darton, N. H., and Smith', ff. S. T., U. S. Geol. Survey Oeol. Atlas, Sundance, Wyo.-S. Dak., folio (No. 127), 12 pp., 1905. 3/ Hess, P. L., and Bryan, Barnabas, Jr., op. cit,, 19 pp. §/ Gardner, E. D., Tin deposits of the Black Hills, South Dakota; U. S. Bur. Mines Inf. Circ. 7069, pp. ^7-71, April 1939. of the mapping. They also wish to thank Mr. W. P. Jahn, of the Bureau of Mines, for constant cooperation during the detailed work, Mr. D. P. Hewett and Mr. W. T. Schaller, of the Geological Survey, for many valuable suggestions, and Miss Jewell Glass, also of the Geological Survey, for her assistance with mineralogical studies.
GEOLOGY
General stratigraphy and structure
The oldest rocks in the Tinton district (pi. 90) are pre-5/ Cambrian quartz-mica schists, in part graphitic, interlayered with hornblende schists, part of which were originally igneous rocks and part of which appear to have been sedimentary rocks.
Intrusive into the schists are pre-Cambrlan pegmatite dikeso Some of these contain cassiterite and some also spodumene, amblygonite, and columbite and consequently are of direct economic interest. The schists and pegmatites are unconformably overlain by the conglomerates, sandstones, and shales of the Cambrian Deadwood formation, and these in turn are overlain, conformably or nearly so, by younger Paleozoic limestones and shales. All the rocks are cut by Tertiary intrusive bodies. The oldest of these are monzonite and syenite porphyries, which cut through the pre-Cambrian schists and pegmatites as vertical or steeply dipping dikes and spread between the beds of the Deadwood formation as flat-lying sills or laccoliths. Pseudoleucite-and nepheline-bearing rocks were Injected later, and dikes of biotite and augite lamprophyres last of all. The formation and rock names here used are taken from the Sundance folio; none of the rocks except tin ore specimens have been studied microscopically by the present authors. Barton, N. H., and Smith, W. S. T., op. cit., p. 1.
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Pre-Cambrian rocks
Schists. The pre-Cambrian schists are exposed in the central part of the Tinton area (pi. 90). A well-exposed section of them can be seen along Bear Gulch, and many masses of schist stand out along the sharper ridges, but in most of the area the schists are deeply weathered and their distribution must be traced by their characteristic dark micaceous or hornblendic soil.
The unweathered quartz-mica schists are fine-grained dark brown, gray, or black rocks that are distinctly layered and are easily split into thin plates. Quartz is generally the predominant mineral, but the proportion of quartz varies widely. Brown biotite is the principal mica, but sericite is common and green mica was seen in a few specimens. Some layers of graphitic j> quartz-mica schist grade into layers of graphite schist.
The hornblende schists are dark green to black and are composed chiefly of hornblende, with small amounts of plagioclase, quartz, and biotite
The bodies of hornblende schist that are believed to represent intrusive rocks contain considerable feldspar, are uniform in composition, and are rather coarse grained, particularly in their centers. Although the rock that constitutes these bodies splits readily, it is not layered, and its outcrops appear massive. Other bodies, which may originally have been sedimentary rocks, are interlayered with quartz-blotite schis.ts; they are finer-grained and contain less plagioclase than the metamorphosed intrusive rocks»
The layering in the quartz-mica schist and in some of the hornblende schist and the foliation in all the schist, strikes from due north to N. 20° W. and 'dips 45°-70° W. In addition to schistosity, the schists have a well-defined linear structure that pitches 20°-45° NW<> This linear structure is especially distinct in the hornblende schist, where it is marked by the alinement of elongated grains of hornblende.
Pegma tlte s.--The schist is cut by a great number of pegmatite dikes, which are easily recognized as coarsely crystalline white or gray rocks composed mainly of feldspars, quartz, and muscovite; they will be described in some detail on later pages.
The dikes are a few inches to 300 feet wide and as much as 1,500 feet long. They are largest and most numerous north and northwest of Tinton, where they are well-exposed in many prospects along the crest of Nigger Hill. Being more resistant than the schists, they generally stand in slight relief, and even where weathering has been most thorough they may be traced by their characteristic float of coarse quartz and muscovite.
Nearly all the pegmatite dikes are parallel to the prevailing schistosity in both strike and dip; but some dip more steeply and a few more gently. The pegmatite bodies near Tinton are known to pitch northwest, more or less parallel to the linear elements in the schist, and this is probably true of many other dikes in the district.
Most of the pegmatite outcrops are long, narrow, and rather straight and appear to be sections of elongate bodies that pitch northwest. Pseudoleucite-and nepheline-bearing rocks«--The bulk -of 6/ Mineral Hill," shown on the western margin of the Tinton topographic map, is made up of pseudoleu'cite-and nepheline-bearing rocks that range in composition from pyroxenite to syenite.
These rocks are so complex in structure and so poorly exposed although a few large dikes and many small ones cut across the schistosity and hence across the pegmatites, no large body of pegmatite seems to be wholly enclosed in porphyry. This was §/ pointed out by Hess and Bryan, who concluded "that the pegmatites still stand on their own bases and that the depth to which they extend is not more than locally modified by the porphy- each representing a different stage in the alteration of a peg-9/ matite that appears to have crystallized from a magma.
The effects of the altering solutions were not uniform. Some earlyformed parts of the dikes remained unchanged, other parts were wholly replaced, and still others were replaced repeatedly. The total volume of pegmatite was increased, also, by deposition of new material. The tin ores are local concentrations of cassiterite formed during crystallization of the primary pegmatite.
It is possible, however, that the magmatic pegmatite was not all formed at the same time the cassiterite-bearing dikes, in particular, may have been Injected at a time different from that of the dikes barren of..cassiterite.
The description and interpretation that follow are based mainly on study of the large bodies of pegmatites on the Rough & Ready, Giant, and Volney claims, but they probably apply, wholly or in part, to other dikes in the district.
The minerals found in the pegmatites, and their approximate compositions are shown in the following list. pegmatite, apparently containing cassiterite as a primary constituent, (2) tourmaline-bearing pegmatite and quartz-tourmaline veins, (3) albite-quartz pegmatite, (4) spodumene-quartz pegmatite, (5) amblygonite lenses, (6) columbite-quartz-albite lenses (7) microcline-quartz pegmatite, (8) albite-quartz-muscovite veinlets, and (9) A typical dike has a border of fine-grained quartz and oligoclase and a foliated, coarse-grained middle in which abundant muscovite is mixed with the quartz, oligoclase, and minor minerals. In large dikes, the middle part is layered. Gradations between layers, some of them abrupt, occur along a dike as well as across it, so that the length and depth of a layer cannot be predicted in advance of exploration. The quartz-rich layers and lenses in the pegmatite are relatively simple mineraloglcally. Oligoclase, muscovite, and a little apatite are the minor constituents everywhere present, and tourmaline is abundant in places. Cassiterite is sparse.
Minerals of the pegmatites
The oligoclase-rich layers are more complex. In addition to quartz, muscovite, tourmaline, and apatite in various proportions, they contain minerals rare in the more quartzose material, and they contain most of the cassiterite, which is sufficient in some of the Oligoclase rock, though not in all, to form potential ore bodies. Potash feldspar, apparently orthoclase rather than microcline, was seen with Oligoclase in two thin sections; further study is necessary to determine its relations. 
Summary
The probable order in which the several varieties of pegmatite were formed and the distribution of minerals among the varieties are shown in the following table.
Hess, F. L., and Bryan, Barnabas, Jr., op. clt., p. 8. I/ The numbered columns correspond to the varieties of pegmatite, arranged in order of formation. N designates minerals newly formed at the stage represented "by the corresponding variety of pegmatite, R,. minerals that are probably relict, and X, minerals that may have been formed later by replacement.
1. Oligoclase-quartz-nuscovite pegmatite. 2. Small quartz-tourmaline veins.
3. Albite-quartz pegmatite.
4. Spodumene-quartz pegmatite.
5. Amblygonite lenses. 6. Columbite-quartz-albite lenses. 7. Microcline-nuartz pegmatite. 8. Albite-quartz-nruscovite veinlets. 9. Quart.z veins.
As indicated by the symbols, each variety includes not only its own characteristic minerals but also minor quantities of relict minerals and minerals possibly introduced by replacement after the main body of the rock was formed.
The primary constituents of the oldest pegmatite appear to be oligoclase, quartz, muscovite, cassiterite, apatite, and per- tantalum ore have been made, the genetic relations, of the minerals therein are unknown,. It is thus uncertain whether any cassiterite was formed as late as the period of maximum columbite deposition,.
The mineral associations suggest that the cassiterite crystallized abundantly during one stage in the solidification of the earliest pegmatite but that the fine-grained borders of the dikes solidified too early and the quartz-rich parts too late to include much cassiterite« The crystallization of oligoclase began before that of cassiterite and continued later, so that oligoclase not only is present in the ore but also makes up lean or barren material that solidified in part before, in part after, all or most of the cassiterite. The fact that the ores were originally rich in oligoclase made them susceptible to replacement by albite, spodumene, amblygonite, microcline, and perhaps tourmaline and columbite.
As the replacement minerals spodumene, amblygonite, columbite, .and to a less extent, albite are commercially valuable, their presence in a tin ore body would enhance its value if a milling process could be devised to concentrate each mineral separately. The advantage of saving these minerals would be greater if the dikes were mined from wall to wall than if the tin-rich parts alone were mined, for in general the pegmatite rich in tin contains only small amounts of these replacement minerals and, conversely, the concentrations of spodumene, amblygonite, and columbite contain relatively little cassiterite.
The addition of albite, spodumene, and amblygonite to a cassiterite-bearing pegmatite dike is of economic importance only insofar as these minerals replace less valuable oligoclase and only if they are saved; if so much material is added that the volume of the dike is increased, the ore is of course diluted with respect to its tin content. No reserves are blocked out, but small lots of ore would probably be mined if the Rough & Ready mine was operating, and Gard-20/ ner estimates that they would add about 10 percent to the reserves of the district.
IS/ Calculated by ff. P. Jahn. 1ft/ Gardner, E. D., op. clt., p. 53. 20/ Idem, p. 71.
It seems unlikely that important new ore bodies will be dis covered in the district by surface prospecting, because casslterite, which is well known and easily recognized, has been sought in the pegmatites for many years. Considering the large P. The tin deposits are in a group of pegmatite dikes that converge southward to form a single body on the Giant-Volney claims.
As shown on the geologic map of the claims ( fig. 86) , none of the separate dikes on the north is more than 75 feet wide, but the southern pegmatite body attains a maximum width of 400 feet.
Other noteworthy features of the pegmatites shown on the map are The development is on the most southeasterly cassiteritebearing pegmatite dike. In the drift the greatest thickness of the dike is 9 feet, and it thins to 4 feet at the face. Both at the surface and in the drift it strikes north and dips 45° W. The new shaft farther west, planned to cut the downward extension of the dike, was all in schist when visited.,
The pegmatite is a fine-grained, strongly foliated rock composed chiefly of quartz, albite, and muscovite, with a little apatite. The cassiterite is in small grains, which in some 26/ specimens are alined in layers. Gardner estimated that the dike would average 3 or 4 pounds of tin to the ton. 
